Sporosarcina ureae is a novel gram-positive bacterium whose guanosine plus cytosine content (43%), its ability to form endospores, and its characteristic packets of eight cells have relegated its taxonomic placement to the family Bacillaceae under a separate genus, Sporosarcina, with only the one known species (14, 22) . These bacteria enjoy a high pH (pH 8.8 is optimal) and will sporulate at a pH of <6.8 (14, 22, 24) .
The wall is teichoic acid deficient (11) and possesses an "outer meshed or interwoven surface structure" (19) . Since the cell wall is first in contact with the alkaline environment, a unique set of physicochemical attributes may be possible which would make this wall a suitable vehicle for comparison with walls of more neutral change density. This report describes in detail the isolation and purification of the regularly structured (RS) wall layer and its macromolecular structure, its chemistry, and some physicochemical attributes.
MATERIALS AND METHODS
Cultivation and maintenance of the bacterium. S. ureae (Beijerinck; ATCC 13881) was routinely maintained on brain heart infusion agar (Difco Laboratories, Detroit, Mich.), adjusted to pH 8.8. Cultivation of the organism on the defined medium of Goldman et al. (15) led to the loss of the superficial wall structure after several transfers of the culture.
Isolation and purification of the RS layer. Cells were grown to an exponential growth phase in three 3-liter volumes of brain heart infusion broth (pH 8.8), harvested by centrifugation, and washed three times with 500-ml volumes of 0.05 M sodium phosphate buffer (pH 8.8) containing 1 mM MgCl2 (SPBM, all reagents were Fisher certified ACS, Fisher Scientific Co., Pittsburgh, Pa.). After suspension in 250 ml of SPBM, the cells were broken with a French pressure cell (American Instrument Co., Inc., Silver Spring, Md.) operating at 20,000 lb/in2. Unbroken cells were separated from the homogenate by 3,000 x g centrifugation for 15 min, and the cell envelopes were removed from the supernatant by 35,000 x g centrifugation for 30 min. These were washed three times with 250-ml volumes of SPBM and then subjected to treatment with 100 ml of 19 . Triton X-100 (Fisher Scientific Co.) in SPBM for 10 min at 22°C. After the wall fragments were washed three times with 250 ml of SPBM, they were suspended in 250 ml of the buffer containing 950 U of egg white lysozyme per ml (grade I; Sigma Chemical Co., St. Louis, Mo.) and digested for 6 h at 25°C. The digestion residue was washed three times with 100 ml of SPBM by 45 (Fig. 1 ). Close examination of cross sections of these layers suggested that the innermost layer consisted of an amorphous zone approximatelv 15 nm thick (Fig. 2) which was contintious around the periphery and septum of the cell (Fig. 1) . The overlying layer was approxinmately 16 nm thick and consisted of spikelike elements directed toward the cell center and arranged 12 nm apart ( Fig. 2 and 3 ). These plroje(tions becanme most apparent in areas where the layer was sloughing off from the cell rJ. BAC8TF,R11L. surface (Fig. 3) , a situation which was common in stationary-growth-phase cultures.
Isolation and purification of the outer wall layer. Envelope fragments produced by the mechanical shearing of cells consisted of plasma membrane and adherent debris (presumably polysomes, RNA, DNA, etc.), the amorphous zone of the wall, and the regularly structured, outer wall layer (RS layer). Brief digestion with Triton X-100 solubilized the plasma membrane and liberated the adherent debris, which was then separated from the wall fragments by differential centrifugation. When the wall fragments were tested for reduced nicotinamide adenine dinucleotide oxidase as a marker for plasma membrane enzymes (25) , the amounts were undetectable, a result which confirmed electron microscopic observations. Lysozyme preferentially attacked the inner amorphous zone of the wall, whereas the RS layer remained undisturbed. Digestion occurred within 6 h under the described conditions and produced small RS fragments which closely resembled the outer layer in shape and form (cf. Fig. 4 with Fig. 2 and 3 (Fig. 5) .
Optical diffraction of a number of negatively stained images demonstrated that the array was of the square-packing type (Fig. 5A) Amino acid analysis revealed that the array consisted of a full spectrum of amino acids with the exception of cysteine and L-meso-diaminopimelic acid (Table 2) . High molar ratios of lysine, threonine, glycine, alanine, valine, aspartic acid, and glutamic acid existed, and they accounted for approximately 75%c of the total organic content of the array.
Atonmic absorption analyses for metals showed the RS layer to be rich in magnesium (6.5 Fig. 7 reveals only the first-order reflections and four of the third order. Figure 8 shows a random scatter of reflections with possibly one or two first-order reflections. Figure 9 shows no order at all. Each bar indicates 100 nm.
Voi,. 139, 1979 , , , ciunm, strontium, barium, manganese, nickel, copper, zinc, and iron. Trace amounts of sodiunm (<1 .tmol/mg, dry weight) were also detected, presumably derived from the sodiunm phosphate buffer used during the isolation procedure, but this metal was not strongly bound. Unlike magnesium, it could be released by subsequent washing with deionized, distilled water. Magnesium protection of the RS arrays. As previously indicated, several metal salts and metal chelating agents had the capacity to disrupt the RS arrays (Table 1) . When these perturbants were mixed with a stoichiometric amount of magnesium chloride, a protective influence on the arrays was noted (Table 3 ). In fact, disruption was then seen only after the longest incubation times with strontiunm or barium acting as the competing cation, and this disruption was of limited extent.
DISCUSSION
Some bacteria thrive and multiplv under abno)rnal environmental conditions in a number of unique ecological situations. For example, meimibeis of the Thiobacillaceae are able to withstand the acidic waters produced from mine tailings (2) , whereas Sulfolobus acidocaldarius survive both low pH and high temperature (8) .
On the other hand, S. ureae require alkaline conditions for optimal growth (15, 24) . Apparently, these types of bacteria have adapted themselves to their particular env.!ironmental stresses through a number of mutational events to exist in a surrounding more devoid of competing microorganisnms.
Electron microscopic observations of whole cells of S. ur-eae readily demonstrated that the wall consisted of two layers, the outermost having a distinct periodicity (Fig. 1-3) . The innermost layer proved sensitive to lysozyme digestion, whereas the plasma membrane was dissolved by Triton X-100 treatment; both characteristics were used to provide isolated fragments of the outer layer (Fig. 4) . Negatively stained preparations of these isolated fragments (Fig. 5) revrealed a regular array of units (i.e., an RS layer) which proved amenable to diffractometric analysis and image reconstruction. These data suggested that the array was a square packing of polygonal units, each connected to one another by a system of delicate linkers.
The arrav was remarkably sensitive to low pH as judged by the use of acidic negative stains and titration with increasing amounts of acid (Table 1) . It was sensitive to proteolytic enzymes, SDS, and H-bond perturbants (Table 1) , and consisted of a single high-molecular-weight polypeptide (molecular weight = 150,000 by sodium dodecyl sulfate-polyacrylamide gel electrophoresis). Nonspecific chelating agents, whether bidentate (e.g., sodium oxalate and ethylenediamine [17] ) or multidentate (e.g., EDTA, [13]), effectively disrupted the array, whereas EGTA, which is specific for calcium, did not (Table 1) .
Atomic absorption analysis for metals revealed the RS layer to be particularly rich in magnesium (ca. 6.5 /Imnol/mg, dry weight), which was essential for integrity of structure, since competing cations disrupted the array (Table 1) unless stoichiometric amounts of magnesium were present (Table 3 ). In fact, high concentrations of hydronium ion (pH c 5.8) also proved a potent disrupter (Table 1) .
This information suggested that the RS layer could act as a cation trap. Magnesium would maintain the lattice structure, presumably by a salt-bridging mechanism, until deleterious and TABI, 3 (8, 18) . The arrays on spirilla are sensitive to low pH and require calcium for maintenance of structure (3) (4) (5) (6) 9) . The arrays of Acinetobacter strain MJT/F5/199 /A require magnesium and can be dissociated from the wall by chelating agents or high sodium levels (28) . The T-layer of Bacillus brevis, which structurally resembles the layer reported here, can be assembled into a planar form by low pH (1). All arrays so far identified are proteinaceous, and most are acidic (10, 16, 26, 27, 29, 30 
